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Incubation of newborn mouse skin in media containing 
O.OlM dithiotbreitol at 4°C for 2 hr reduces dermal-epi-
dermal cohesion, and the 2 layers may be separated 
readily. Unlike other methods of separation, this tech-
nique does not require heating, non physiologic pH or 
ionic strength, or addition of proteolytic enzymes. The 
split occurs beneath the basal lamina. The separated 
epidermal sheet retains the periodic acid Schiff-positive 
"basement membrane," and the basal cells can incorpo-
rate 3H-thymidine. 
Separation of the epidermis and dermis is frequently the first 
procedure in studies of skin, and various methods of injury to 
the tissue have been used to effect this split. Among the more 
popular techniques are stretching and scraping [1], suctioning 
[2], heating to 55°C in liquid [3] or in a Sears' microwave oven 
[4], exposure to acetic acid [5] or NH.Cl [6], and treatment 
with proteolytic enzymes such as trypsin or collagenase [7J. 
While studying glucocorticoid receptors of newborn mouse 
skin, we added the disulfide-reducing agent dithiothreitol 
(DTT) in an attempt to stabilize the receptors during enzymatic 
dermal-epidermal cleavage. Unexpectedly, we found that incu-
bation of the skin in buffers containing 0.01 M DTI for 4-5 hr 
effected easy separation of the epidermis from the dermis 
without the addition of enzymes. 
We report here the light and electron microscopic appearance 
of the DTT-induced separation as compared with that after 
simple mechanical teasing. The ability of the separated epider-
mis to incorporate 3H-thymidine into basal cells and to react 
with rabbit antikeratin antiserum also was studied. 
MATERIALS AND METHODS 
DTT Separation 
Newborn mice (Swiss-Webster strain) were decapitated and skinned. 
The skin was placed epidermal side down on the cover of an 150 mm 
glass Petri dish ruled with ice, and loosely adherent subcutaneous tissue 
was scraped away with the trailing edge of a No. 20 blade. The skin was 
then floated dermal side down on 50 ml of medium in a 65 x 125 mm 
glass crystallization dish, using a Petri dish cover as a lid. The crystal-
lization dish was immersed in an ice and water slush. The medium used 
was Eagle's Minimal Essential Medium with Earle's salts with or 
without glutamine (Grand Island Biologicals Corporation, Santa Clara, 
California), pH 7.4. OTT (Cal Biochem, La Jolla, California), 0.01 M, 
was added on the day the medium was used. A mixture of either 5% 
CO2 , 40% 0 :/, and 55% N t or 5% CO2 and 95% air was bubbled slowly 
over the medium to maintain a constant pH. Alternatively, an air-tight 
chamber such as a plastic screw-capped glass jar (Corning) was used, 
obviating the need for continuous bubbling. After 4-5 hr of incubation, 
the skin was removed and again placed epidermal side down on an iced 
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Petri dish cover. The dermis was peeled off the epidermis in a contin-
uous sheet. 
For examination of the possibility that OIT causes dermal-epider-
mal splitting through the action of an endogenous proteolytic enzyme, 
newborn mouse skins were preincubated with protease inhibitors for 3 
hr at 4°C and then either for 5 min at 37°C or for 20 hr at 4°C before 
the treatment with 0.01 M OIT (8]. The following protease inhibitors 
were used: cliisopropyl-fluorophosphate, 0.005 M; phenylrnethyl sulfonyl 
fluoride, 0.005 M; tosyl-amide-phenylethyl-chloromethyl ketone, 0.002 
M ; tosyl-Iysine chloromethyl ketone, 0.002 M (all Sigma Chemical Com-
pany) ; leupeptin, 1 mg/ ml (Peptide Institute, Inc., Osaka). Ethylene-
diaminetetraacetic acid, 0.002 M or 0.02 M, or CaCl., 0.01 M, was also 
used. 
Mechanical Separation 
Subcutaneous tissue was removed from the skin of newborn mice as 
described earlier. Further gentle scraping with a scalpel blade or grasp-
ing the exposed dermis with a forceps produced a cleavage plane, and 
this plane was extended by traction on the raised dermis. Sometimes 
gentle pressure with a scalpel blade was required to hold the remaining 
epidermis against the Petri dish cover. 
Light and Electron Microscopy 
Both epidermis and dermis were separately fixed in 4% formalin or 
minced in small pieces and fixed in phosphate-buffered 3% glutaralde-
hyde and postfixed in 2% osmium tetroxide, pH 7.4. They were dehy-
drated and embedded in paraffm or in a plastic mixture. Sections cut 
for light microscopy were stained with hematoxylin and eosin or with 
periodic acid Schiff (PAS) and examined with a Zeiss photomicroscope. 
Sections prepared for electron microscopy were stained with uranyl 
acetate and lead citrate and examined with a Siemen's Elrniskop lAo 
Autoradiography 
The epidermis and dermis were incubated separately in Eagle's 
Minimal Essential Medium containing "H-thymidine {23 Ci/m mole, 
Amersham-Searlel. 4 /LCi/ml, at 37°C for 1 hr, immecliately after 
separation. The tissues were washed and prepared for light microscopic 
autoradiography using Kodak NTB emulsion (9]. 
Immunofluorescence Microscopy 
Separated tissues were frozen and cut with a cryostat. Sections 
reacted with rabbit antiserum to keratin of newborn rat epidermis [6] 
were stained with goat antirabbit IgG (Hyland Co., F / P ratio 2.0). They 
were examined with a Zeiss transmission fluorescence microscope with 
a high pressure mercury vapor lamp (HBO-200). A BG 12 exiter fIlter 
and a barrier filter 50 were used. 
RESULTS 
DTT Separation 
Following incubation with DTT, large sheets of intact epi-
dermis with normal morphology were obtained (Fig 1). Hair 
follicles sometimes were transected, and sometimes a portion 
remained attached to the epidermal sheet (Fig 2). The sepa-
rated epidermis and dermis incorporated 3H-thymidine, and 
there were heavily labeled cells in the basal layer of the epider-
mis (Fig 3). 
In tissue specimens incubated in the same media but without 
DTT, little ultrastructural change was noted (Fig 4). Some 
tissue pieces treated with DTT were fixed without splitting (Fig 
5). In these specimens the basallarnina, the anchoring filaments 
of the lamina lucida, and the epidermal cell plasma membrane 
and hemidesmo omes (including attachment plaques and to-
nofilaments) appeared unchanged. The staining density of the 
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FIG 1. Sheets of the newborn mouse epidermis separated after in-
cubation in OTT-containing medium. They were fIXed in 4% formalin, 
embedded in paraffin, cut at 4 p., and stained with hematoxylin and 
eosin (X300). 
FIG 2. Dithiothreitol-incubated skin of newborn mouse showing a 
cleft at the dermal-epidermal junction. Hematoxylin and eosin stained 
(x300). 
FIG 3. Autoradiography of the DTT-separated epidermis incubated 
in thymidine-H"-supplemented medium. Two cells show incorporation 
of radioactivity indicating that the cells are capable of deoxyribonucleic 
acid synthesis (x800). 
mitochondria seemed to increase but the ultrastructUIe of the 
ribosomes and nuclei were unchanged. In contrast, the upper 
dermis was disorganized. 
In the specimens treated with DTT and then separated, the 
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splitting clearly occurred just below the basal lamina, and 
variable small bits of dermal debris remained attached (Figs 6 
and 7). Following splitting, the number of tonofilaments at-
tached to the plasma membrane appeared to decrease but this 
change was not quantitated. 
This technique also effected separation of newborn rat epi-
dermis and dermis. However, it did not consistently separate 
epidermis and dermis of older mice and rats, of foreskins of 
newborn hUInans, or of trunk skin of adult humans, even when 
most of the dermis of the trunk skin was removed fIrst by slicing 
the skin with an electric dermatome cutting at a depth of 0.2 
mm and the concentration of DTT was increased to 0.1 M. 
Preincubation of mouse skin with protease inhibitors failed 
to prevent dermal-epidermal separation after incubation with 
DTT. Incubation at higher temperatUIes hastened the split: 
4°C 3-5 hr; 22°C, 1 hr; 37°C, Ih hr. The reducing agents 2-
FIG 4. Electron microscopy of the dermal-epidermal junction of 
newborn moUSe skin incubated in the medium without DTT addition. 
Ultrastructure remains essentially normal (Xll,OOO) (-- = 1 Ill . 
FIG 5. A high magnification (x51,OOO) of the dermal-epidermal junc-
tion of newborn mouse skin incubated in the DTI-containing medium 
at 4°C for 4 hr. Some disorganization of dermal components are seen, 
but the epidermal cell and the basal lamina appear to be unchanged 
(- =O.25p.) . 
Sept. 1979 
6 
FIG 6. Electron microscopy of the DTT-separated epidermis of new-
born rat. The basal lamina is attached to epidermal cells (X4,500) 
(-=2J.l). 
FIG 7. A high magnification (X51,OOO) of the dermal-epidermal le-
sion of DTT-separated epidermal sheet. Fragment of dermal compo-
nent attached to the basal lamina is seen. Anchoring filaments appear 
unchanged (-- = 0.25 J.l) . 
mercaptoethanol or 3-mercapto-l,2-propanediol at 0.1 M each 
effected a separation after 4-5 hr at 4°C as readily as the less 
malodorous DTT, but neither was effective at 0.01 M at 4°C, 
even after 17 hr of incubation. Penicillin, loo U /ml, and strep-
tomycin, 100 /ig/ml, fetal calf serum, 10% (v/v), or HEPES 
buffer, 0.025 M, may be added without hindering the separation. 
Mechanical Separation 
Simple mechanical teasing of mouse skin into 2 layers was 
accomplished easily during the first 2 days of life. Routine 
hematoxylin and eosin staining showed that a single row of 
epidermal cells remained attached to the dermis. These cells 
could be stained with antiepidermai keratin serum (Fig 8). The 
PA stain further demonstrated the level of separation to be 
different from that following exposure to DTT. The PAS-posi-
tive "basement membrane" was seen below the basal cells 
following mechanical separation (Fig 9), whereas this material 
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was attached to the bottom of the separated epidermis following 
DTT separation (Figs 10 and 11). 
DISCUS ION 
eparation of epidermis and dermis by DTT is simple to 
perform and is reproducible. The epidermis retains an intact 
ba allayer, in contrast to mechanical separation in which basal 
cells remain attached to the dermis. The site of separation also 
differs from that after proteolytic digestion, following which 
basal cells are detached from the basal lamina [10). 
The mechanism by which DTT effects the split is unknown. 
Conceivably, DTT may inactivate some enzyme inhibitor or 
may activate directly an enzyme that cleaves a molecule(s) 
necessary for adhesion. The inability to block the effect of DTT 
by preincubation with protease inhibitors is evidence against 
such a mechanism. The 4 known neutral proteases of human 
skin are all inhibited by diisopropyl fluorophosphate [ll], but 
we cannot be certain that the inhibitors actually reach the 
dermal-epidermal junction in sufficient concentration during 
these preincubations. 
Although there is no direct chemical evidence, the simplest 
explanation is that DTT treatment ruptures disulfide bonds 
important in linking basal lamina to deeper structures. This 
assumption is not demonstrated readily by conventional light 
microscopic histochemistry, because in contrast to positive 
reactivity of the hair and epidermis to reagents such as 2',2-
dihydroxy-6,6'-dinaphthyl disulfide, the dermis is reported to 
be nonreactive [12]. Ultrastructurally, there are 2 types of fibers 
linking the basal lamina and the dermis: (1) the anchoring 
fibers, which are arrayed individually and are of unknown 
chemical composition [13], and (2) the dermal microfibril bun-
dles, which are collections of small fibers that in ert at one end 
FIG 8. Indirect immunofluorescence microscopy of the reaction ob-
served with antikeratin antibody over the epidermal cells, which locate 
at the dermal site after mechanical separation (x750) . 
FIG 9. The mechanically separated dermis: periodic acid-Schiff and 
hematoxylin stained. A layer of epidermal cells is seen over the basal 
membrane (j) (X1200) . 
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FIGS 10 and 11. The DTI-separated epidermis stained with periodic 
acid-Schiff. It was counterstained with hematoxylin (Fig to) (XI200), 
bUl to better demonstrate the basement membrane (j) counterstain 
was not used (Fig III (x75O). 
into the basal lamina [14] and at the other end into the 
microfibrils of the elastic fibers of the deeper dermis [15]. The 
lat.ter do contain cyst.eine and, at least in the calf ligamentum 
nuchae, can be solubilized by disulfide bond reduction in the 
presence of denaturing agents [16,17]. 
Stoughton and Novak [18] and Hentzer and Kobayashi [19] 
studied the effects of "disulfide-splitting agents" on epidermal 
cells in vitro. They described dissociation of epidermal cells due 
to separation of desmosomes. The intercellular matrix and the 
intermediate layer of the desmosomes became homogeneous 
before they eparated. We obtained sheets of epidermis, not 
separated cells, but did not investigate whether or not more 
prolonged incubation with DTT would affect the interepider-
mal cell junction. Because the disappearance of tonofilament 
attachment to the hemidesmosomes was observed in some cells, 
detachment of epidermal cells may occur by changes of both 
tonoftlaments and desmosomes. 
The separated epidermal sheets were able to synthesize de-
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oxyribonucleic acid, indicating that this technique may be use, 
ful for investigative studies requiring viable basal cells. Sepa, 
ration by DTT appears to be particularly useful in situations ill 
which it is important to avoid the use of proteolytic enzymes 
and temperatures above 4°C. 
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